1 The first 50% of the total estimated fluids is given in the first 8 hours, with the remaining fluid given over the following 16 hours. Therefore, an accurate estimation of the BSA burned is critical on initial assessment to provide adequate fluid resuscitation. Even a small miscalculation makes a dramatic difference in the estimation of fluid requirements, particularly in the obese patient. The "rule of nines" and the Lund-Browder chart are commonly used to estimate the percentage of TBSA burned.
An accurate measurement of TBSA is critical in the initial management of acute burn patients to estimate fluid needs and determine hospital admission requirements. Meeting the fluid requirements in the first 48 hours is essential for survival and a favorable outcome. The most common predictive equation used is the Parkland formula (fluids [lactated Ringers] in milliliters for 24 hours ϭ 4 ϫ weight [kilograms] ϫ % TBSA burn). 1 The first 50% of the total estimated fluids is given in the first 8 hours, with the remaining fluid given over the following 16 hours. Therefore, an accurate estimation of the BSA burned is critical on initial assessment to provide adequate fluid resuscitation. Even a small miscalculation makes a dramatic difference in the estimation of fluid requirements, particularly in the obese patient. The "rule of nines" and the Lund-Browder chart are commonly used to estimate the percentage of TBSA burned. 2, 3 Devised in the 1940s, the LundBrowder chart divides the body into various areas (eg, hand, head, arm) and provides an estimate of each area as a percentage of the TBSA for both pediatric and adult patients. This work was an extrapolation of the original study by Du Bois and Du Bois 4 in 1915, which compartmentalized each body segment based on linear equations. These equations were derived from serial body castings and subsequent planometric measurements. The authors noted close correlations with geometric calculations of individual body segments based on length and diameter and subsequently devised a series of linear equations. The rule of nines was first published in 1951 by Wallace 5 and was an attempt to simplify the Lund-Browder chart for wider clinical use. Of the two, the Lund-Browder chart is considered the most accurate. Interestingly, the original article by Du Bois and Du Bois included only 43 subjects with weights ranging from 24.2 to 87.1 kg.
With the rapid increase in obesity in today's society, the Lund-Browder chart's accuracy has come into question. The chart does not account for the altered body mass distribution in obese and morbidly obese patients and should be modified. Recent use of this method has been shown to underestimate the TBSA of overweight patients by as much as 20%. 6, 7 A more recent study demonstrated that the rule of nines inaccurately estimated the distribution of BSA with increasing weight. 8 Few studies to date have investigated the use of the Lund-Browder chart or rule of nines in obese and morbidly obese patients. We designed a study to determine whether these tools accurately predict BSA burned in these patient groups. Our findings have led to the development of a new method for estimation of BSA for various parts of the body, which accounts for differences in body mass index (BMI).
METHODS
Informed consent was obtained from all participants in this study after approval by the Spectrum Health Institutional Review Board. All patients were recruited from surgical and medical clinics. Inclusion criteria were any patient of 18 years and older who could give consent and agreed to participate in having several measurements taken. Exclusion criteria were any patient who had already lost significant weight (Ͼ20 lbs over the past 2 months), those who had a history of bariatric surgery, and those having a condition that altered body composition. A total of 163 patients were included in the study. Ninety-six women and 67 men were enrolled, with ages ranging from 20 to 70 years. All measurements were taken by one of the three examiners.
Each patient's weight and height were obtained to determine BMI (kilogram per meter square). Based on previous formulas derived by Du Bois and Du Bois, circumferences of various body segments were obtained to the nearest millimeter (Figures 1, 2 ). 4 Summation of these segments allowed for the calculation of TBSA. Waist:hip (W:H) ratios were also determined.
Patients Comparisons between the three groups were performed using the analysis of variance. Significant results were further tested using the Fisher's protected least significant difference test. Comparisons between males and females were performed using the unpaired t-test. Significance was assessed at P Ͻ .05.
RESULTS
The average age, weight, BMI, and W:H ratio of each group are shown in Table 1 . The age of normal/overweight subjects was significantly different from obese and morbidly obese patients The W:H ratios for normal/overweight patients were significantly smaller than those in obese and morbidly obese patients. The comparison between the obese and morbidly obese trended toward significance (P ϭ .059). Also there was a wide range of ratios in each category indicating a broad sampling of body fat distribution (ie, truncal obesity). There was no statistical difference with regards to age and BMI when comparisons were made between male and female subjects. Table 2 shows the BSA of the individual body segments and the percentage each segment contributes to the TBSA. When examining surface area alone, hand surface area was not significantly different across the three BMI subgroups. Foot and head surface areas were significantly smaller for normal/overweight and obese patients when compared with morbidly obese patients. The surface area of the trunk, arm, thighs, and legs increased significantly as BMI increased.
When the percentage of the TBSA comprised by each body segment was examined, the head, thigh, hand, lower leg, and foot were found to contribute less to the TBSA as BMI increased. When examining the trunk, the opposite was found in that as BMI increased the percentage of the TBSA significantly increased. Of note, there was no statistical difference found when comparing the contribution of the arm with the TBSA between obese and morbidly obese patients. Table 3 depicts the comparison of the rule of nines to our dataset. The rule of nines tended to overestimate the head and arms consistently across all weight groups. With increasing BMI, there was an increased underestimation of trunk surface area. Leg surface area (thighs, lower legs, and feet combined) was grossly underestimated in normal-weight/overweight patients, although this error decreased as BMI increased.
The existing Lund-Browder chart was compared with our dataset in Table 4 . The linear formulas described by Du Bois and Du Bois failed to directly define the surface area of the buttocks. However, in the currently used Lund-Browder chart, the buttocks is assigned a surface area of 5%. To offset this difference, 2.5% of the surface area was assigned to the trunk, and another 2.5% was assigned to the thigh, allowing easier comparison for the purpose of determining statistically significant differences. In addition, 2% of the TBSA was removed from comparison and assigned to the neck and perineum, each representing 1% of the TBSA. Significant error was found across all weight classes for all body segments, except for the thighs of obese patients. The percentage of the TBSA represented by the head, arms, feet, and hands were overestimated by the existing Lund-Browder chart across all weight classes, but to a lesser degree than the rule of nines. The trunk was grossly underestimated, which became progressively pronounced as weight increased. Less variability was found in the thighs and lower legs. However, there was a statistically significant overestimation by the LundBrowder chart (with the exception of thighs in the normal-weight and obese populations). The data were then analyzed to determine whether differences arose based on gender ( Table  5) . As expected, the hands and feet of male patients across all weight classes tended to comprise a greater percentage of the TBSA, relative to females.
The thigh of normal/overweight and morbidly obese males represented a significantly smaller percentage of the TBSA when compared with females. The head constituted a greater percentage of the TBSA in obese males, whereas the arm as a percentage of the TBSA was significantly larger in normal/ overweight males.
To minimize errors found in the calculations for morbidly obese and obese patients and for ease of universal application, a new rule is proposed where the surface area of the head is assigned 5% and the arm's surface area 15% (7.5% per arm) of the TBSA. The suggested values for the surface area of the trunk and legs are displayed in Table 6 . A diagram similar to the Lund-Browder chart was created allowing for the estimation of BSA burned as a function of BMI, decreasing the error found when us- * Error refers to the absolute percentage point difference between the percentage of BSA calculated using the rule of nines, compared with the percentage of BSA using the data from Table 2 . † Significantly different from the rule of nines estimate (P Ͻ .05). ‡ The percentage of BSA for the arms for the normal/overweight, obese, and morbidly obese groups was calculated from Table 2 using the values for hand and arm. § The percentage of BSA for the legs for the normal/overweight, obese, and morbidly obese groups was calculated from Table 2 using the values for thigh, leg, and foot. Journal of Burn Care & Research ing this modality to calculate surface area involved in obese and morbidly obese patients ( Figure 3 ). Table 7 shows the difference in the newly proposed Lund-Browder chart and percentages calculated by the linear formulas. A drastic improvement in the error is observed, particularly in the obese and morbidly obese patients. Of note, all changes made to the rule of nines and Lund-Browder chart were performed by observing the calculated surface areas using the previously defined linear equations and adjusting the current modalities to more closely align with those calculated values.
DISCUSSION
Since Baxter's original description of the Parkland formula in 1981, it has been used as the gold standard for determining fluid needs during acute burn resuscitation. This formula relies on the correct estimation of BSA burned. Recently, several authors have questioned the validity of this equation in both the normal-weight and obese patient. 9 -11 Based on our data, depending on which area of the body is involved, current modalities may inaccurately assess the BSA involved in the burn, thus altering the accuracy of the Parkland formula. Regardless of this concern, initial fluid requirements should be based on the percentage of the TBSA burned for the first 8 to 16 hours, after which signs of end organ failure (eg, urine output) may be more reliable in directing fluid resuscitation. Furthermore, accurate assessment of TBSA burned is a vital part of reporting outcomes data, determining nutrition requirements and establishing protocols with regards to the transfer of patients to centers specializing in burn care.
Current modalities for estimating BSA burned include the rule of nines and the Lund-Browder chart. Livingston and Lee 7 previously investigated the percentage contribution of various parts of the body to the TBSA in 29 obese patients. Similar to our results, they found gross errors in estimation of the BSA using the rule of nines, particularly in obese patients. They noted progressive underestimation of the trunk and leg surface area with overestimation of the arm and head surface area with increasing BMI. To offset this error, they formulated the rule of fives. However, their findings differ with our data with respect to the leg surface area. We found that in normal/overweight patients, the rule of nines grossly underestimated the surface area of the legs, but with increasing BMI this error decreased. * The different regions described in the Lund-Browder chart were not all measured in our study. The Lund-Browder chart assigns 5% of TBSA to the buttocks. To compensate for this, in the Lund-Browder column of the Table, 2.5% of the TBSA was assigned to the trunk and another 2.5% to the thigh. In addition, the area of the neck and perineum were not calculated for our data. To compensate for this, 2% of the TBSA measured in our study was removed from comparison and assigned to the neck and perineum. For this reason, the columns labeled Lund-Browder, normal/overweight, obese, and morbidly obese sum to 98%. † Represents the mean percentage value. ‡ Error refers to the absolute percentage point difference between the percentage of BSA calculated using the rule of nines, compared with the percentage of BSA using the data from Table 2 . § Significantly different from the Lund-Browder estimate (P Ͻ .05).
Our proposed alternative to the rule of nines should decrease the error in the estimation of the BSA burned for obese and normal/overweight patients. Relative to the rule of nines, our method demonstrates fewer errors across all weight groups, which are particularly pronounced in obese patients. As shown in Table 6 , each individual's head was assigned 5% and each arm 7.5% of the TBSA. Then, depending on the patient's weight, the leg and trunk surface areas were calculated.
In our burn unit, the Lund-Browder chart serves as the main tool for estimation of TBSA burned. By using our data, this was modified to allow increased accuracy for calculations across all weight groups. The original chart by Lund and Browder was formulated using data from a pediatric patient sample. Because of the increasing concerns over childhood obesity, a reinvestigation of this population based on weight in comparison to age should occur.
Although this study supports the concept of an alternative approach for the calculation of the BSA for various body segments, additional studies are needed to evaluate if this correlates with improved resuscitation in the burn patient. The next step would be wide application in burn units to determine the true difference in fluid calculation vs requirement, looking particularly at outcomes.
Another point of contention would be whether Du Bois and Du Bois original equations are actually applicable for the obese patient, given that their original series of measurements failed to include a significant number of obese patients. In other words, is it the equations that are the cause for such error experienced when determining TBSA in the † Error refers to the absolute percentage point difference between the percentage of BSA calculated using the modified rule, compared with the percentage of BSA using the data from Table 2 . ‡ The percentage of BSA for the arms for the normal/overweight, obese, and morbidly obese groups was calculated from Table 2 using the values for hand and arm. § The three values under the column "Modified Chart (%)" represent the % BSA for normal/overweight, obese, and morbidly obese subjects, respectively. ¶ The percentage of BSA for the legs for the normal/overweight, obese, and morbidly obese groups was calculated from Table 2 using the values for thigh, leg, and foot.
obese patients using current popular modalities? Although beyond the scope of this article, numerous authors have investigated the use of these equations in both the obese and morbidly obese patient populations arguing for their applicability. 3, [11] [12] [13] [14] [15] [16] Regardless, both the Lund Browder chart and rule of nines are an extrapolation of an original dataset consisting of only a few patients with a limited range of BMI. When an increasing number and variety of patients are added to this original dataset, the error of currently used modalities are clearly identified. It is also important to note the potential for interobserver bias when using these formulas. Newer 3D imaging technology, extensively being used by plastic surgeons to determine volume changes and surface area changes of a finite area after surgical interventions, may prove useful in providing more exact measurements of the BSA of individual parts of the body, allowing us to refine the equations described by Du Bois and Du Bois. 4 Finally, our categorization of patients into three broad BMI groups may prove to be too simplistic. More studies involving a larger patient series with a wider range of BMI and age may help to further characterize patients.
CONCLUSIONS
The dramatic increase in obesity has brought into question the current modalities that exist to estimate TBSA burned. Accurate measurements are critical in the initial management of acute burn patients, relative to survival and favorable outcomes. Given this information, this study was designed to investigate the accuracy of the tools used for these determinations. Our results have found calculation errors in current techniques used in burn units. We have proposed a new method that more accurately predicts BSA for various parts of the body and accounts for the increasing BMI of patients. This should provide a better tool for the estimation of the initial fluid requirements of patients with burn injury. * The different regions described in the Lund-Browder chart were not all measured in our study. The Lund-Browder chart assigns 5% of TBSA to the buttocks. To compensate for this, in the Lund-Browder column of the Table, 2.5% of the TBSA was assigned to the trunk and another 2.5% to the thigh. In addition, the area of the neck and perineum were not calculated for our data. To compensate for this, 2% of the TBSA measured in our study was removed from comparison and assigned to the neck and perineum. For this reason, the columns labeled Lund-Browder, normal/overweight, obese, and morbidly obese sum to 98%. † Represents the mean percentage value. ‡ The three values under the column "Modified Chart (%)" represent the % BSA for normal/overweight, obese, and morbidly obese subjects, respectively. § Error refers to the absolute percentage point difference between the percentage of BSA calculated using the modified rule, compared with the percentage of BSA using the data from Table 2 .
